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St. 

sMOSFETa>^< y h fie 



l^lSfriMOS FETtcJt i9WfiE^^nfc^3*y 

10 -C*^o ::cr>iii|©lHlKtiP^i'^^i'MOS FET 
1 1 tNf-i'^yuMOS FET 1 2 tt-i^^^^C 
-MOS^>^<-5^ 1 3<^A:^3Si5J:Crai::^}3SFe1 
N^-^;^>ri^MOS FET 1 4 ^ffl^.>fcMOS 
FETx>r -y^lHlK 1 ST^I^L. ^»btrc- 

15 MOS^>>'<-5^1 3<7>A:03g§<8iItrtiie^^:gl 

J:1 6cOA:/7^SC^iA:^?^i^IN;!^ittl^^niJ: 
^tC'ScoTV^^.t t ^ic:, C-MOS-f >x<-3^ 
1 3;&*6^i^±S;^Jfs^OUT;!)*Hi:;7^n^» J: olC'^ 
2^? r^TO^^p ^tz^ ±^MOS FET;=^-f 'V^lHlK 
1 5 ^W^-r SN^i'^^i^MOS FET 1 4 coy 



— 15 — 



(2) 
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3 

- h mstca. c (r>MOS FET 1 4 ^ ^ ^ y ^ 

fSOW-r ^ /^4?)Ofi^ S i>mt& n ^ ^ '^iror 
i.^Tx 5f ibi-rcoMOS FET 1 4 cDy< y ^y- 

Mos FETi 4<7yY-hmmi>zmi^^tii>mm 

COMOS FETI 4*^:*^>3Fn5»o MOS FET 1 

^5tU rn*r<k-DTC~MC)S'f >^<-5' 1 3 
Ji^\zWt^:^tli>Z tlzjL-DXMOS FETI 4 

IhI tt is: ffl L « t L T tt^ ^ X. 
fMonolithic Expandable 6 Bit 20 MHz 
CMOS/SOS A/^D OMiverter" ANDREW 
G- F. DINGWAUU IEEE J. SoUd - State 
Oicuit, vol SC-14, 9ZB--B3ZMs Decl979J 

±mscM\^zm«itstix^-^T±T3 if^r^ ^ 
tchki^ mrieiiiliiHi»rt^MOSFET;^'f *y^[Hi 

%1 5 ^:<->iF-li'TC-MOS-f >^<-i5^ 1 3<7> 
FET>^^ yf^llKl SttmtcMOS FCTl 4* 

icJ:oT. MOS FET 1 A (D:t .y&trCt)^m < ^£ 
9, Lfc**oT> C-MOS>f v^^-^ 1 3/>*S& 



(2) «p4> ^ 3-81324 

X^^t^h^o tfz^ MOS FCTc;>L^c^fBm£E 

5 -o < i:^ ITfieMOS FET 1 4 >Stn;4>iS < 
^C»3. Lfc*«oT. CCDJ^^J3tC-MOS>f > 

^^-^^ 1 3i>mvpf^.^zwt&^ti^^x<7>mmt^M: 

10 mx\iU MOS FET:;^-f 'Vf^E^I 5 

iMOS FETI 4 0^>ffit?t^T*f i/Jitolc^ 
O^i' ^wuitg^ltjUD-r S d t ;5ifT't#DtLr So 
L*-L'^x**4>x mriaMOS FET^>f yf-ia^^ 1 

5 ^fti^-rsMos FET 1 4r-ti^ y- b 

15 tv-7.mMisxxfyu^ iymiikt(r>m\z^^-t 

%mmn s o 7 ^ k >^ j: ssn^^*^ 

rf9^ ::niwi:oTC-MOS^ 5^ 1 30 

2(? r-*»s*^ MOS FETI A(r>^^:^j\^m^mm 

T. MOS FETI A(r>^^:^)\^t^^mmtS^^ 
t^-oVt^W^x^t. ^3^y^<?^*>5c^ti:*— h 

t>SS'5c1$tto — ^■c*S:5f7-e y h 

tL^^iJ^MOS FETI A<r>^^:^}vii^-rtif^% 

— ItfieMOS FETI 4<?)^^-^ji^ffi/h 

tL'5«lJ^fa^SOVDo^'^>'^^5^5Vco^> 
mOka^^jri.^ L lOOkfttwil-r ■2»0;&*a«T'*> f9^ 
35 «f(Cf(rSC-MOS^ >^<~5^ 1 3 0l&ft^,l|ffi 

hJ^MOS FETI 4<o*^^St=t«/jNt::-r 

it. ibm^.l9:^lz^t-i^PBW:g M 

40 mmvf^mM'ti>z.t^tx^^£^^a tsh^^zm^^x. 

ti^rf\zMO^ FETcDLi?c>fflfiEEfri»i&yi=» 

MOS FET<7)«^Ut±L ^(.^^l^EE;^^^iSc^:&|pI 
kzitt^-oit^ l&ri-^&mttsh^^zmiz't^:! 
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6 



^'V^ji^^\^t<Di±,v/yi^i}<^7.^±x-ey7(D tc-ox^^i>o ttc^ ±&n^'^^j\^mos fet 

= 1.0VT-A:^SEE*^^5Vc7>^cD:<->^6i:«jft -en^-n<?)^j[in.$,^trP^i-;^c^uMOS FET 2 

28knT**«9. A:tJmBE**2.5V<7>B^tr L ^C^M^ 1 ^ Nf-i* ^/wMOS FET 2 2 O V-x. 

EEVu,^^^Sc^:&-v03V-rtt^»i: :^-vffitn;fr±19Idlk ^ v^1^it3^Jg^L> P5FET<7) Ku-f v^Ji^ 

L^c^ffl^;6^l^l:^fi/fm^'iboc>/^^-^, ^<'f r xmB£m:^5i 2 3 p ;^^umos 

:&'v<tf<^o< J: t7 4>f^t>::^-.tf6o<:^rA*5*->ffi fet 2 1 tNf^i'^^^uMOS FET 2 2(Opy- 

c«i^oe693 -So ±gB^<-f r^^^iHi^2 4o>'<>r rx 

xmj&mm^'^w^^j:mmm&^&^'ti>zt^z;h -ttct^-^. fi^3mi,z^'tmmm\B\^i^t. c- 

C^?9omWD LTON^-f^^-^i-MOS FETI 4T-^^Lx 
wO%Hjm«^l#4ilHl»T-fr±. C-MOS>f> 2<? ^OMOS FETI 4<75^<-y ^y- hSIiJCyM 

5^ (7) A^33ai5 i: If fcB ;^j3?gPB^ ^ N ^ ^ T ;^I^^[hI^ 2 4 ;6-^<7)mife^ffiVssiU±C0^< >f 

MOS FET$ffl(l^fcMOS FET:^^ y^lelKT- T xm£E^«i::«t6-r ^ J: ^ L t<7)T-*^o 

SiRL. ^?^^>^r±ffiN^^';^^^MOS FETOy< i^WfiET-'^xSlia^tllHJS^ciji^T. ^<>frx 

*^*tSr i:*3j:-:?T. ±l2MOS FET<O^A» 0^<>f T xmEEtb:^»^S 2 3 ^z*>frtSSBEt±. 

frt Jt^T) L ^(r>il^EE^ < Lx wtKCcfcr^r (D^T-^t^-l^^ C -MOS^ >^<— ^ t L r<?>lHl 

MOS FETx>f -yf-lHlKiiiijitS:*- >ffitn:*(6 I^L #cWamEEVa.ctc^L 

^^^-\zrf^£'z>xmmmi^'^'^mt-ri>j:'7t,zL so ^ ^ VthN+v^Kp/KN(VDD-iVthpi) 

fc<>0-C*6o 1+ VKp/Kn 

s(rffi^iHa>tae3ieiHi»t^jE:-rssm 35 e 

tciWf^— ?^^i&f^-rSo 0t:i±>i>TP^i'^^i- VthN: N^-f^/L-MOS PET2 2t?>L^c^ffiS 

MOS FET 1 1 t N^-f^ .^uMOS FET 1 2 i: EE 

T-C-MOS-f >^<-5^ 13^ T**?. tSth^zK^, K»ttP^-l':^>«.MOS FET 

«^L. wO>f Vx^-^' 1 3<^A;^7a^i5J:lftB:^ 2 1 iJJ:trN^i-;?^^uMOS FET2 20 Ku-f 
^P^^Nf-i':^^i-MOS FET(MOSx-f -y^) 1 40 >Si3iUi>s<7)^l&r% 

4T-g^«gL. tS h\ZC-MOS^ 9 \ Z<r> k = J- e„ 

A:fl3SffilIf-frii^^^Sl ^^Wt^^o ^LT±i2 2 * U • tbx 

^m.\ ^<r>xtimz^tKiimmntmi&tstii> ,^ _ i Wh 



J:-5lc^-:>rc^St C-MOS-f>^< 
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Wp, Wm: Pf^i'^^.'^MOS FET2 1 ijJtlfNf- 
i'^l^/uMOS FET 2 2(7)^^-^^;^^ 
Lh: P^^^Ji^MOS FET2 1 is^ZfN^ 
i':^^i'MOS FET2 2o>^^i;^:^Ji'& 

^t.^<^r^^^[H];^2 4<o^<^Txmff*:^^ 

2 30SEEtLrx P^i'^^i-MOS FET2 1 
*>i:^fN^i';^^PMOS FET2 2 <D^-f;f^^n|i^ 

MOSX>f -y^i: LT<7>N^i':^^wMOS FET 1 

5 w <t -^r c <omos fet i 

Sr^tc^Xt?. L/c**oT. rcOMOSFETl 
^ C ^-C. ±^MOS FET 1 4 (r>^<V <;y— 

Nf^-f^^^/HVIOS FET1 ^(r>^<y YWIk 
h J--^ SSii J: K u ^ > mS-?: 
fr±. ^<*y hmSfflO^ P^HMMih-rSPN 

»^3&*«ieJbSI*L. i^^MOS FET1 4C0^< 

-:>T. ±i^N'?-i';^7^MOS FET 1 ^<r>^<yi^ 

MOSx>f y^T-^SNf^i'^^i'MOS FET 1 4 
t^<-f TX^^lH]K2 4 F^ON^i'^^^i'MOS 
FET2 2ti|p|— y^a-feX-eMiS^FnS/wAO. 
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MOS FET 1 4 L ^ c^'(i^BE;^H^Sv^:&l:I^^ ^ 
5 <'5cofct^St. MOS FET 2 2 0Ltc>fa 

^x^a -f-^^tMOS FETl AoymW^^xL^ii^ 
fiHEEfriTfrf *^n^/cAO> rOMOS FETl 4 

— :^r. Jiiai:fr±i9&l;i. MOS FETl 4 C7) L ^ 

15 MOS FET 2 2 O L ^ C^MIlaEt>ig:0^:&rfi] 

ictfibo^, lrria(l)ieiT-«^;!tn^^Mr:;^§fe^ 
0^2 4;&»ii,0^<-<r>cm»iiS<'iSo Lt:;&* 
-oT, zoym^. MOS FETl 4 0|ISd<J''j:L 
#C^famSEtiJi*f ^btL-Sfcit). CCOMOS FET 

20 1 4oyyt>t&mt±^i^tl^a -rtct>*>^ yUT 
x^^lH]^ 2 4 T T^MEE^MOS 

FETl 4ox<*y ^r- hmstctti^-r^,:: tic 

J:»7. MOS FETl 4 <D:>I- >t&tn.^ ^i^^m^Z- 
^miz^ir^ i> Z t^<X-^ . mzL^i.^mmBt^i 

25 » < '^XO/c^^cOMOS FETl 4CD^>ffifit<?> 

m 4 st±±iei^jte0iiiH]^tci>tt MOS 

FETl 4 ty<^r:^m^^l^2 4 0>^^<Dmi^ 

30 m<7y^m^^mwi^ o i icziocop'^^ai^b^^i o 

2, 10 3**?e^i?n. ro— iScoP'^m/u®^ 

1 0 2rt*-^±MOS FETl 4<7>y-x. Ku^ 
vt'iS-^lON-^M®** 1 0 4, 1 0 5 i:>C 
<7>p 1 0 2 t-'i:*:>*»MOS FET 1 4 

*^5c;>P*Si^^ 1 0 et<m^'^ini>o ^'^^zi^^j 

£0P«:7 3i7P®^i 0 3F^j3ti. y<^r7.m^M& 

2 4 *«ffi-rS-:»<7)M0S FET 2 2<0 V-;^, 
Ku^ >i:':cS— *fON*^®^ 1 0 7, 108 

* t i/w«)<7>P*S!««S 10 9 i><^(tt^tls Sffi 

1 0 1 izi,t^<^r7.m^\Bi^2 4^m^^^f&ij 

(DMOS FET 2 1c?)V — Ku-f^t^S — 

^<7)P*s;iBi« 1 1 0, 1 1 1 ;o^89:<t^tti« -e 
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LX^ JiiS-*f60N*MS« 1 0 4, 1 0 5_btc 
^ /t*^oTMOS FET 1 4 o>Y- h Mm 1 1 2 

1 0 B±\zttzi><-:>XMOS FET2 2<?)r~ h 
mflRl 1 3;&^ -W^OP^Si^** 1 10, 111 
±iz^tziii'-DXMOS FET 2 1 or- h 1 

1 4*i-tn-rna9:frt^n^ wOfa^r- hmsi i 
3, 1 1 4«^ic:^<-r r>^SffitB:t?^2 atcg^jK 

^Ftlio 3F»^>lc:C<7>ai:^ffl2 3tc:ttB«ri5N'^S!^ 

i«i 0 7. «rsp*siai«i 1 o*i^«?tL. as 

:^aja2 3 wfiTiBP^si^i^ 1 0 etcgggc^^n-So 
M^p^MMid^ 1 1 1 itmMmEEVi^mm^Azmm 
aFtt. iffi5N*s!««i 0 B^jizfrnmp^mmm 

n 5 mirtmmm 2 0tc:^-r«fiigi(?>«^ t mm 

MOST.^ y^tt£i>U^-^^ji^MOS FET 
1 4<7)f-i-;?;^w|gW^^-t';^/U:g:Lt01tW/L 

4rt<7>P^-f :^^uMOS FET 2 1 COW/L^^ 
:^^Jt:-C6/42(c^ N^-f^^uMOS FET 2 2 <D 

w/ L ^ -^^ :^ J- -e35/7 n^'ti^m L T 

MOS FET1 4oyy<y ^Y— hSStd^l^^Fn 
S ^< ^ r :^ mEE**Mj l^V-- 1.5V t.^s.^^o\z\^ 

**oMOS FET 1 4 CO L # c>«mEEVtb*i0.7Vx 
1.0V^ 13VCD^T-^n-ftll5ka. ISkO. 25ka 

m2@0«'^019kil. 28kn. 65ka^::it«LT 

fc. MOS FETl 4cDL^c>ffi^BE**Mig:/c 

::^S6^lHl»2 4|^<7>P, Nil^f-i'^7ua>MOS 
FET2 1, 2 2 0^^^jtO|ft^^^Mi-sr 

t JcoT. ±iBMOS FET 1 4cO:t>® 
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:f53S2 3 tVss^^ra^.i:OF^iz«et3 2 irlJK 
10 MOS FET 1 4 i:!^ — ■f-i'^^^K "T'^t^t^N^ 
i'^^^i-MOS FET 3 3 Ku>f >^ V — 
iB^jeiiKL. tBh\zZ(r>MQSFKi:ZZa>Y- 

vm&^^<^r7.mst\ht}^2 z\z^mti>xo 

K 2 OStafiiRiJ J:lfMOS FETO^ 

izis\.^X&m.Z 2iDi^iEL^£^^tf^mL^ MOS 
20 FET3 3 0L^c^fflSEE^Vu.HM. ^<^TXSEE 

IocK(Vo-VtH„)* . -(4) 

K : ifc^ij^l^ 

25 _biB(4)^t±. MOS FET 3 3 L offlmEE 
Vtt.ia *<?S<'iSfc>'<-<rx SEE Vo t» iii < 5^ . 

50 W<Ov<^r7.^^lEl^2 4 0B#tI^mtc. 

a -fe :^ JLO L ^ c^ffimBEOfrf o # « L T 
MOS FETl 4a):i->ffigt^ «t3?-^Miwig-r 
Z t i>^X^ t&tn. 3 2 friMOS 

FET3 30Ku^>, V->^Pe1SEEt3— ^<7>S 

35 EE^JtoaCH^ L4t)fcx<>f T>^mflEVo^ff -Sfc^^d 

^ 7 StCg^-riHlK frl Vdd^;jD^, i: ^< -f r ;^ SEE 

a3:^aa2 3 t<r>m^zn^m,4 1 ^s^iklx ^fc 

^<^r7.m.EEtttfm2 3 <!:Vss93^JD,^.^<7>PBltw|(r 
40 ^MOS FETl 4 tm — ^'^^J^<0^ -t^£t>'^ 
N^i';^;i.MOS FET4 20 KU'f V-x 
P^^e^i^L. ^t^\zZ(DMOS FET4 2o^Y- 
f^mm^^<^r7.n&^T}m2 Z^zmmi-Tixko 
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Va'. MOS FET4 2 0L^c>flimJE^Va.«t'r 5 

K' : itm^SL 10 
±^(5)^fri. MOS FET 4 2 O L ^ c^^i^EE 

lc*fLTMOS FETl 4 CD^J- >ffitn:i&«(ar— ^ 15 
Z i: T-^ So 

y<-f T;^Sffi«N^-f *^uMOS FET3 3 

tt4 2<?>L#t>ffiSffitc£E:er^fb^'S4><?)r-* 2<? 

-^tziii. MOS FETl 4C0Li^c^iS^EEc7)frf ^ 

mi^;^.r•*>s^<^rxmffiai:^)as2 3***^ ±152 

— ^ ^ < ^ T :^ Sffi ^ » S J: ^ L t> -C * S o 

SJI5MOS FET 1 4 ^ y- h SSt-^l^ 

i-^r MOS FETl 4 0:*->ffitfl;S 

So roiHlKfrim^K«*#*Sffl<?5C-MOS-f > 35 

^<"^6i, 6 2, 6 3-en-pn. zti^^^> 

fc«>ONf*i':fr^wMOS FET6 4, 6 5, 6 8 

^n-FtliJ tffe-^^g 6 7, 6 8, 6 9 ttl^* 
iXii^htsi^mmiM^l \, 7 2, 7 3$*xy- 40 

Ki^««-rSJ:^tcL^^^O-e*So ±15 
iQtilHlK<7>-7^. «?JS:<7>it4ilHll^ 7 ij^coMOS 
FET6 4 coy< y^r- hS»wfr±^ C-MOS^ 
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tsti. ^f§i^<r>m<i^^^l 2|^OMOS FET 6 
%(r>^<y ^Y-vmM\z\ft^ l^l:<C-MOS-f 

r :^SI^l5l5» 7 5 c^^'^ >f r ;^ mBEVo2**ttl& 
^Ftt. ^(r*%S<^ii'lilHlK7 3 rtOMOS 
FET6 8 0^< y ^^y~ l^l:<C- 
MOS-f >^<-^<7)AtiJ?33Sra^«»&LT««3^ 
nS^<W'TX%^lHI|»7 6 A^'^O^^'f rxSEE 
Vo3;!>*#t|gi:tLSo -trLT. ^C-MOS>f>^<- 
^ 8 1, 8 2, 6 3*>J:tf«^^<-fTX^^lpJ»7 
4, 7 5, 7 6fr^l&5?nsm^mBEVDD^&^3tt 

Vo. ^ L T ^OV i5V, 1.5V — 2.0V, 1.2V — 

1.5V** -en-t' tiffins J: ^ r tl^^ 

lHlK7 4. 7 5, 7 8f^C7)^^^iiJt?!^i|gf^3Ftt 
So MOS FET 6 4, 8 5, 6 6 (7)^- 

mStcttSlIftili^Sd^^iitr^l^^^^nSo ::a> 
J:^'5c«a-C'5:SlHll»*rti, A:f5fI^INtzi£(r^ 

ab. -?:*tfc-*tlfcf^^.i9!^fflOMOS FET05^> 
ffit^;fll^/J^3? < LT«if^iaje$K«)Si£5^W3&** 

So :i(^tiit>^ xtimmNkzmi>iE^^^^<Dm 

KiEHllS 7 1 f*3^MOS FET 6 4 <7>^< y^Y-i^ 

mm^z9hm^^y<^ r xsge^^is^s j: l 
xi,t^£<^ titi^itfmzm^rzisu^x^ c-Mos 

^ >y<~5' 1 3<7>Att5/j5Sra$S*e^SMOSx 
'y^frlN^i^;?i^i^MOS FETl 4r-*>Si^^ 
lc:-:>(i>Ta^L/c*^ ^ P ^i' ^twuMOS 
FET^fflC>T<> J: P^i';^^K7>4>0^ffi(»^ 
S^'^tc^if|^6^>'<^ r >^^^lHlK<?>S®SBE 
Voo gife^BEVss t<r>m».^mi^Z'ti>^mtf^^ 
So aFi^>i;iSOS CMOSyaHr;^$fflc^S 

'^^^tf. ^1 O0tc^i-Ji MOS;^W' yf^ 
<!: LTN^i'^^yuMOS FET8 1 tP^ir^Ji^ 
MOSFET 8 2 $ ^3^JS« L fcMOSx ^ y ^ ^ ffl 
c^s::t^T'^> Z(Dm^coy<-(T:^m^\B\l^t 
LXtit :L\tfX\htJmmi!)m^ tStltzC -MOS 

>^<-^$ffic^S'2c*b^fS^^o$n#«jsKtnc 
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ho -rtct^-^^ N^-f ^^^i-MOS FET8 1 <r>^< 
^,t<?)^lcPf^i';fwuMOS FET8 4 izN^i' 

^^^^I'Mos FET8 ^tmn^i^tstu 3&*oHy 5 

tB;\^m^tts:h^ ffe:&. Pf^-f^^uMOS FET 

/cat>^7)/<>f TX|g^[Hll^8 6 ti. VssEn^JD^.i: 
VddBJ^D^. t <r>m\^ P ^-f :?^^^MOS FET Z 1 t 10 
Nf^i'^^^/i^MOS FET 8 8 ;&*H3?aSIS3F tl^ 

OlHlKfri*.CD3^ Y ^ V^T-MOS FET 2 0 1 ^ 
:^:ytB^X. A^Jfi^IN^cJ: 19^1:2 0 2 trm 
?S[r^^mL. eXctr^aCD^ ^ ^ >i/-CMOS FET 
2 0 3i&^>iF-(^T^M2 0 2(r>WLm.^n^JiOo 
-:>t HoOMOS FET 2 0 1 , 2 0 3 i,tm 25 

T- Caves etal : Sampled Analos Filtering 
Using Switched Capacitors as Resistor 30 
Equivalents, IEEE J of Solid — State - 
Orcuits, voLSC-12, Na6, Decl977, pS&Z-^ 
pB99J ^mm^tltii.^o 

OMOS FET 2 0 1. 2 0 3T-ti. t<r>t&m.^i 35 

FET2 0 1, 2Q zoym^^mtiz^uymm^ 
eitc. Mos FETi^^cor- h • v-xFb^. r 

<r>y H - V :^ }\^ — \z ^ hm'^^t^tbhf^ih^ 
MOSFET2 0 1. 2 0 3 a>^j£^/h5 < ^iT 
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^^f^^0>o -€:C:T*mi 2 0tCg5:t-J:-9lw. Ji^ 

^^fofflLT. MOS FET 2 0 1 <r>y< y {^Y-^ 
vm.m.\Z'P')-^r:^)\^MO^ FET 2 0 8 J:CfN 
f-f:^ii^MOS FET2 0 7 ;ft**b^x^^<>f T 
^leIK2 0 9X%ihfth^<^ r :^mS.Vz.^^t^ 
*/cMOS FET2 0 5a)x< V ^^r- h^S 
icP^-f :^^UM0S FET2 0 % ii J^XJF'N ^ A' ^ 
)\^MQS FET2 1 iiii^'^tSihy^-^T^^^mU 

2 1 iT-f§*i>tLi^<-fr;^mBEV«^tti[s&-rs:: 

t^iZX-oX^ MOS FET 2 0 1, 2 0 5 a>:^-> 
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